'Does it work?' is not the only question that practical improvers have of those investigating of quality improvements. They also want to know, 'Will it work here? What conditions do we need to implement and sustain it? Can we adapt it? How much will it cost and save? Is there enough evidence to spread it?'
Introduction
More publications, 'push' strategies, and education have not been very successful in enabling improvement practitioners to apply research in a way that makes their quality improvement work more effective [1] [2] [3] .
Is it possible that research is not answering the questions that improver's need answered? This perspectives article considers 'What are improver's questions, which methods would answer them, and where can improvers find answers?'. The article shows how investigators in a new movement for investigating quality improvement are making use of a wider range of methods to answer real world questions. They are also being clearer in their reporting of the limitations of their answers when they use investigation methods unfamiliar to improvers. This movement 'taking its own medicine' and applying quality methods to the research process and using a customercentered approach to the design and delivery of research so as to meet the customer's needs for more timely and actionable answers to these questions [4] [5] [6] . The article illustrates this approach with two examples of investigations: one into improving hand-hygiene care practices and one into improving handovers of patients from hospital to home to reduce unnecessary suffering and readmissions. The article is based on projects to produce and use research more effectively to improve the quality of veterans healthcare in the USA [7, 8] .
What the terms mean in this article
Investigator Any person using methods systematically to reduce bias in their observations and to increase the objectivity of their conclusions, such as a full-time university researcher or practice-based quality improvement data collector and analyst.
Improvement change
A change to work practices or work organization that results in better patient outcomes and/or less waste, sometimes termed the 'new better way of working'. Examples: increased compliance with best practice in hand hygiene; or a new way of organizing patient transitions from hospital to home.
Implementation action
Actions to invite and enable people to take up and perform the new better way of working, such as training, performance feedback or providing rewards or incentives.
Improvement method
A method to improve safety, quality and/or reduce waste, typically a systematic method or tool used by staff to collect and analyse data, plan and carry out a change and spread the change if it is effective. An 'improvement approach' such as a breakthrough collaborative combines a number of methods and tools.
Quality improvement investigation
Using systematic methods to reduce bias in order to gather and analyse data that is useful for analysing a quality or safety problem, or to describe or evaluate an improvement change or an improvement method.
Does it work?
Improvers need to know if an improvement change or method is effective for its intended purpose. For example, to reduce avoidable readmissions to hospital, is the Coleman Care Transitions improvementchange (CTI) effective [9] ? For improving hand hygiene and reducing infections, are 'robust process improvement' (RPI) methods effective [10] ? For maximum certainty that an improvement change is effective, a randomized controlled trial (RCT) would be the preferred investigation method-if it can be correctly carried out. This method is well described and there are methods for explaining the certainty that a study provides about whether the intervention is associated with any changes in the measured outcomes. For example, an investigation of the CTI was performed using a RCT which showed that this change to service delivery was effective for reducing re-hospitalization rates, compared to controls [9] . But this trial was in one USA health system with one group of patients and was performed with extra resources to ensure the new model to be tested was implemented according to the protocol so as properly to test this improvement change. The study was expensive, needed careful planning and agreement with clinical services, and took at least 4 years from proposal to publication. This research design method was the right choice if a maximum-certainty answer to the question 'is it effective' is needed and there is the time and resources available.
Investigators used different methods for discovering if the second example was effective for improving hand-hygiene care practice: the RPI method (described in references [10, 11] ). This example illustrates the benefits and limitations of one other evaluation design, compared to the RCT design. The design was a simple before/after design: hand-hygiene compliance was 48% at baseline over the eight pilot hospitals and then 81% after applying the methods. As this study did not include comparison hospitals or randomization, there was less certainty that the increase in compliance observed was due to the RPI interventions than if the study had used a RCT design. Compliance may have dropped anyway, without the intervention. However, the study could be carried out more quickly, and for lower costs. The data from the different hospitals showed large changes in hand-hygiene compliance in all hospitals over a short timescale before and after the intervention, as well as interesting variations between hospitals. The 'investigators' were partnerships of a central research team and pilot hospital staff who collected some of the data. Such as large change in a short timescale can be attributed with more certaintly to the intervention than a small change in the outcome measure over a longer timescale. The latter is more common in quality improvement studies and this can make the findings of before after studies much less certain than the findings of an RCT of this intervention.
Further along a continuum of 'certaintly about attribution', with an RCT at one extreme, is an even faster and lower cost investigation method which could be used to answer the 'does it work' question: ask a cross-section of selected observers what difference they thought the intervention made. In each of these three designs the answer to 'does it work' is limited, and only better than no answer if the limitations of the data and the certainty of the answer are clearly stated: numbers can bring precision but are also deceptive if we do not fully understand how they were produced and what they mean.
We refer in shorthand to 'outcome measures', but investigators have to show that the measure does register what 'comes out' of the intervention and not something else. In all investigations for maximum attribution the measure needs to be close in time to the intervention. A 'distant measure' such as infection rates or mortality is less easy to connect to the intervention because there are many other intervening influences between the intervention and these measures which the design would needs to assess or control for [12, 13] .
The examples show the different degree of certainty of attribution of outcomes to the intervention that different investigation designs give in order to answer the question 'does it work'. In addition, that to choose an investigation design best suited to answering the question it is necessary to consider the type of intervention, timescale, resources and practicalities. There are resources which describe the strengths and limitations of different investigation designs and that help investigators to choose the most suitable design for answering this question, for different interventions, resources and timescales [14] [15] [16] [17] [18] [19] [20] [21] .
One last point of note regarding the new improvement investigation movement is that investigators are making more use of the opportunities to use already-collected digital data-data in clinical and administrative registries, in patients EMRs, or reported by patients-to reduce the costs and time of investigations. However, it is easy to draw the wrong conclusions from these data: the data may not be valid and the analysis method used by 'big data' analytics methods may miss-attribute the data: the data are only 'snapshots' and there are many explanations for any observed differences between data collected at different times [22] .
Will it work here?
In the CTI and hand-hygiene examples, extra resources and researchers were available to ensure full implementation. In one health system for one patient population the RCT evaluation showed that the CTI appeared to reduce readmissions. But would the CTI be effective for this purpose for patients elsewhere, if applied in another hospital? Similarly, RPI methods appeared to improve hand-hygiene compliance in eight carefully choses pilot hospitals, but would these methods achieve the same with staff in other more typical hospitals?
In theory, a number of RCTs could be carried out in many places with many populations to find out with maximum certainty that an intervention is generally effective. For some medical treatments this is possible and necessary, and arguably so also for quality improvement changes and methods. One more feasible approach for investigators to use to give improvers more help to answer this question is by giving complete descriptions of the improvement change and implementation actions in order allow improvers to see how similar and different the study patients and setting are to their local patients and setting. Detailed descriptions can be provided online for improvers who want seriously to consider using the improvement-change or improvement method in their setting. Guidance for more precise and comprehensive reporting of trial interventions, contexts and results have been developed, and which are beginning to be used by quality improvement investigators [23, 24] . Other guidance for reporting quality improvement investigators is also useful, but is limited in its guidance about reporting context [25, 26] .
A second approach to answering this question is to use research designs other than RCTs to discover whether an intervention is effective in a variety of settings. An example of one such research design is one used in a later study of the care transitions intervention carried out after the RCT study noted above. After the RCT was published for the care transitions intervention, many improvers contacted the investigators for advice about whether the intervention could be applied in their hospital and about how to get similar results. The investigators created an advice and facilitation center and began to document the different versions of the intervention and the results in different settings, and then published these findings [27] . They used a variety of documentation and investigation methods to guide their data collection when they followed the CTI implementation in different settings, often in partnership with improvers in these settings.
For the RPI hand-hygiene methods, the approach used to answer the 'would it work here?' question was different. After the pilot in the eight hospitals to develop and test the methods, another study was carried out by the investigators that covered 174 'more typical' healthcare organizations [28] . But the quality method tested was not the same: they developed a simpler intervention based on what they had discovered in the eight-hospital pilot earlier. In the pilot the investigators found that different units found different causes for hand-hygiene non-compliance when they applied the RPI method, and that in total there were 24 types of causes. In the second study the researchers developed a tool from the pilot study which staff at the 174 sites used over the internet to document their observations about which of the 24 causes for hand-hygiene non-compliance they had observed. This internet tool then calculated and reported back to staff the most common causes, as well as interventions they could use which had been found to be effective-hence the name of the tool, the 'targeted solutions tool'. After 3 years the central research department examined the data and found, for 769 projects in 174 organizations, average compliance had changed from 57.9% to 83.5% (P < 0.0001). To estimate the statistical significance of the associations the method used was a hierarchical logistic random effects model which controlled for nesting of hand-hygiene observations within organizations, type of clinical area, washing on entry or exit and time of day [28] .
In summary, the above shows three methods that investigators are using to provide answers to the 'will it work here' question:
-precise descriptions of the trial intervention, how it was implemented and the context, so as to allow improvers to make their own judgments about whether they could get similar results [23] [24] [25] [26] , -collecting data from different sites about how the sites implement the original trial intervention as well as data about outcomes, and reporting this so that others can see if there are sites similar to theirs and their results [27] , -simplifying the intervention tested in the trial to make it easier to implement with fewer resources in different settings and providing a method for the sites to collect and report their results [28] .
Which conditions do we need to implement and sustain it?
We make improvements, but not in conditions of our own choosing, and sometimes these conditions defeat the best quality improvement teams and methods. Improvers recognize that projects can fail, not because a project team lacks expertise or does not give enough time and effort, but because the surrounding conditions are unsupportive for that change or improvement method. Improver's questions are, 'for a particular type of change or quality method, what are the three features of our organisation that will most influence whether we can implement the change or the method (e.g. committed leaders, change-ready staff and competent experts to help the change process)?' In addition, 'what are the three most important external features that help or hinder the change (such as payment to the hospital that will reward not punish the change, regulations which encourage the change, and external specialists)?' Research-informed answers to these questions allow improvers to assess whether they have the conditions for successful implementation, before they commit to the change. They allow improvers to assess whether conditions that they expect in the future will support the change, as well as to plan how they can influence these conditions, if at all. For example, some payment systems in the USA penalized hospitals for investing time and money in the care transitions intervention: hospitals would have to spend time and money to implement the CTI and, if they did reduce readmissions, they would loose money because they were paid for each admission. New financing rules now do the reverse: penalize hospitals for readmissions. The context has changed in a way which supports the CTI quality improvement, making it easier for improvers to gain management support and resources to make the change.
There are research-based tools that improvers can use to make assessments about the conditions needed to implement and sustain a change or method [29] [30] [31] [32] [33] [34] . Some of these guide which data to collect so as to later understand the interaction between the context and the intervention. These tend to conceptualize conditions as isolatable context factors (e.g. 30, 31) . Some other approaches view conditions as influences in a dynamic interaction with the intervention [35] . This would suggest that actions to change the conditions should be an integral part of the intervention: for example, an intervention would include actions to influence a payer to change the way the service is financed to reward the quality improvement.
Can we adapt it?
Some improvements are difficult and expensive to implement exactly as specified, for example, some of the more complex improvement methods such as lean and six sigma [36, 37] and many complex improvement-changes, such as care bundles or service delivery models [38, 39] .
Many improvers want to know which parts of the complex change need to be copied exactly and which parts could, or even should, be adapted. One study illustrates investigation than can be used to answer this question. This is the study noted above into how care transitions intervention was implemented at many sites across the USA [27] . Each site adapted the model, regardless of the recommendations of the researchers who had developed and tested the CTI in the original RCT [9] . The most common and minor adaption was changing the language of the educational material to suit the patients. However, the investigation also found that some adaptions were not effective, such as shortening the training and not using defined criteria to select the coaches. The design which allowed the investigators to answer the question was a retrospective multiple case observation design. This design is increasingly used to harvest the data collected by different sites, together with a specification of the intervention at each site [27] .
For the hand-hygiene intervention, the investigators did not know whether typical 'non-pilot' health organizations would have the resources to implement the full RPI quality method [28] . Thus, for the second investigation in a range of hospitals, they simplified the intervention to focus on the key parts of the method which they had found to be effective in the pilot: they found that each unit needed to create local solutions for their specific set of causes. The intervention was an adapted to provide simplified version of the RPI quality method: the targeted solutions tool. This tool guided improvers to design an effective intervention to address the causes of noncompliance in each unit: adaptation appeared necessary for success. The second investigation noted above found that this intervention appeared successfully to increase hand-hygiene compliance because it enabled local improvers systematically adapt their improvements using evidence-based research [27] .
Investigators can choose from different frameworks to document the adaptions which different sites or units make to a specified improvement change or improvement method. This documentation then can be used to identify which changes are most successful in which situations for a specific population [40] [41] [42] [43] [44] . There are a variety of types of quality improvement and different research and adaptation methods are needed for different study purposes and approaches to improvement [45] [46] [47] .
How much will it cost and save?
Unclear, or no answer to this question is perhaps the most significant limitation of many quality investigations from the point of view of improvers, especially improvers working at higher management levels. These investigation-customers are increasingly viewing quality improvement as an investment, and to be compared to new drug dispensing machine or a new imaging machine. Departmental or hospital heads need to know how much time and money would be needed successfully to implement an improvement change or quality method, and how much it would save or increase revenue.
Health economic evaluation methods are useful to answer broader level questions, especially those involving societal costs and savings, but these can be time consuming and expensive. To answer the departmental or hospital heads questions, investigators can use a number of simpler methods to give range-estimates of cost and savings. Most quality improvement studies can easily and quickly add costing to give range-estimate answers to this question, using one of a family of methods that include different budget impact analyses, return on investment models and business case models [48] [49] [50] [51] [52] [53] .
Conclusion: Is there enough evidence to spread it?
Ideally, improvers would be able to find evidence from research to answer all the above questions they have about a change or method: questions about efficacy (does it work, anywhere?), effectiveness (does it work in many settings?), about the conditions needed to implement and sustain it, about whether or how to adapt it to be implementable and effective locally, and about costs and savings.
This perspectives article described ways in which investigators can draw on a range of methods to answer more of the practical questions which improvers want answered so as to help them make their improvement more effective. It described a more flexible and 'investigation customer-centered' approach that some investigators are using to choose an investigation method to match the question, time and resources available. More of this research is being carried out by centres within health systems because universities, research training and journals are not well designed to provide these answers. By focusing on the customer's needs for actionable and valid answers to these questions and by using digital data, this movement is poised to disrupt what some observers view as the traditional expensive and under-responsive research production, funding and publishing industry.
For patient's safety and for other reasons it is important that investigators make clear the limitations of the answers they generate using some of the newer investigation methods. Flexibility in the use of investigation methods is not meant to suggest less rigor in investigations, and findings reports need clear statements of the limitations of conclusions derived from methods that may be unfamiliar to those not trained in research methods. This perspectives article deliberately used the term 'investigator' to signal aspects of the new quality investigation movement, which is not well represented by the term 'researcher'. The article is intended to generate debate about how best to provide valid answers to the broad range of improver's questions, including which changes would need to be made to univeristy rewards systems and to methods for reviewing research funding proposals and publications to support more relevant and responsive research.
Features of the new quality improvement investigation movement
Takes a customer-centered approach using a broad range of methods to answer improver's questions.
Chooses the investigation method to suit the question, given the timescale and the resources available for the investigation.
Clearly states the limitations of the conclusions and gives implications for action.
Documents the intervention and the context, so as to answer improver's questions about what was implemented in the study and under which conditions.
Chooses measures of effectiveness, depending on the customers question, the validity of data available, and whether any changes in data collected using these measures can be attributed to the improvement change.
Views context not as background but as an active element in improvement, especially for sustainability.
